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(54) Radioisotope stent with increased radiation field strength at the ends of the stent 



(57) Disclosed is a radioisotope stent that has in- 
creased radioactivity at the end regions of the stent as 
compared to the stent's central region. To minimize the 
neointimal hyperplasia that may exist to a greater extent 
at the ends of a stent that is implanted into an artery of 
a human body, the amount of radioactivity placed at or 



near the ends of the stent should be increased as com- 
pared to the amount of radioactivity over the remainder 
of the stent. It is an additional object of this invention to 
increase the radiation field at the end of a radioisotope 
stent by placing additional metal surfaces at the ends of 
the stent so as to have additional surfaces onto which 
a radioisotope can be placed. 
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Description 
FIELD OF USE 

[0001] This invention is in the field of intravascular 
stents for maintaining vascular patency. 

BACKGROUND OF THE INVENTION 

[0002] Radioisotope stents have been shown to be ef- 
fective in decreasing neointimal hyperplasia within ar- 
teries of laboratory animals thus suggesting a treatment 
to reduce restenosis in man. By the late 1990's, these 
stents will be used to prevent vascular closure following 
balloon angioplasty in human subjects. The radioiso- 
tope stents used in animals have had a uniform distri- 
bution of a radioisotope that is within the metal of the 
stent. A uniform distribution of the radioisotope results 
in a decreased radiation field at the ends of the stent 
where the highest tendency to form proliferative cell 
growth can occur. 

SUMMARY OF THE INVENTION 

[0003] Particular and preferred aspects of the inven- 
tion are set out in the accompanying independent and 
dependent claims. Features of the dependent claims 
may be combined with those of the independent claims 
as appropriate and in combinations other than those ex- 
plicitly set out in the claims. 

[0004] In an embodiment of the invention, to minimize 
the neointimal hyperplasia that may exist to a greater 
extent at the ends of a stent, the surface concentration 
of radioactivity placed at or near the ends of the stent 
should be increased as compared to the surface con- 
centration of radioactivity over the remainder of the 
stent. 

[0005] In an embodiment of the invention, the radia- 
tion field at the end of a radioisotope stent is increased 
by placing an increased amount of radioisotope at the 
ends of the stent. 

[0006] In an embodiment of the invention, the radia- 
tion field at the end of a radioisotope stent is increased 
by placing additional metal surfaces at the ends of the 
stent so as to have additional surfaces onto which a ra- 
dioisotope can be placed. 

BRIEF DESCRIPTIONS OF THE DRAWINGS 

[0007] Exemplary embodiments of the invention are 
described hereinafter, by way of example only, with ref- 
erence to the accompanying drawings, in which: 

FIG. 1 is a side view of a prior art cylindrical stent 
having a radioisotope uniformly placed along the 
length of the stent, and also showing the radiation 
field strength that results from that uniform distribu- 
tion of the radioisotope; and 



FIG. 2 is a side view of a stent having an increased 
level of radioactivity near the ends of the stent and 
also showing the radiation field strength resulting 
from that non-uniform distribution of the radioactiv- 
5 ity compared to prior art stents. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 is a side view of a cylindrical stent 1 hav- 
ing a radial dimension R, circumferential rings 3 and lon- 
gitudinals 5. The stent 1 has a uniform distribution of a 
radioisotope along its length. This uniform distribution 
has been used conventionally in prior art radioisotope 
stents. This type of radioisotope stent is described in 
detail in U.S. Patent No. 5,059,166 which is included 
herein by reference. The solid line 2 in FIG. 1 represents 
this uniform distribution of radioisotope along the length 
L of the stent 1 from its left end which is at a distance x 
= -U2 from the center of the stent 1 to its right end which 
is at a distance of x = + L/2 from the center of the stent 
1. The x-axis in FIG. 1 is parallel to the stent's longitu- 
dinal axis. The long dashed line 4 in FIG. 1 represents 
the radiation field intensity or fields strength in human 
tissue along the surface of a cylinder having a radius of 
R + 2mm which cylinder surrounds the stent 1 . The line 
4 indicates the radiation field intensity along the sur- 
rounding cylinder from x = -L\2 tox = +L/2 and also along 
the surrounding cylindrical surface that extends beyond 
the ends of the stent t. A theoretical analysis indicates 
that the radiation field strength in human tissue along 
the cylindrical surface surrounding the stent 1 is one- 
haff as great at x = -L\2 and x = +L/2 as it is at x = 0 
which is at the longitudinal center of the cylindrical sur- 
face surrounding the stent 1 . As one moves longitudi- 
nally outward on the R + 2mm radius surrounding cylin- 
drical surface beyond the ends of the stent 1, the radi- 
ation field falls to a negligibly small value at x = -A and 
x = +A. 

[0009] FIG. 2 is a side view of an embodiment of a 
cylindrical stent 10 according to the invention having 
longitudinals 1 1 , circumferential rings 1 3, 1 5 and 1 7 and 
also having an increased concentration of radioisotope 
placed near the ends of the stent 1 0. This increased con- 
centration of radioactivity at the ends of the stent is in- 
dicated by the solid line 12 of FIG. 2. The resulting field 
distribution along a cylindrical surface surrounding the 
stent 1 with a cylindrical radius of R + 2mm is shown by 
the short dashed line 14 in FIG. 2. By increasing the con- 
centration of a radioisotope placed near the ends of the 
stent 10, the radiation field strength at the stent ends 
can be made equal to the field strength at the center of 
the stent 10. Furthermore, the radiation field strength 
can be made to extend to a greater distance in the x and 
-x directions beyond the ends of the stent 10. Specifi- 
cally FIG. 2 shows for comparison the line 4 (from FIG. 
1) for a uniform concentration of radioisotope in a stent 
compared to line 14 which is for the non-uniform distri- 
bution of radioisotope shown by line 12 in FIG. 2. It is 
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clearly seen in FIG. 2 that the radiation field strength at 
the ends of the surrounding cylindrical surface is greater 
than the field strength from a uniform concentration of 
radioisotope as shown by line 4 in FIGS. 1 and 2. In fact, 
at x =-B and x = +B in FIG. 2 it can be seen that the 
radiation field strength along the surface of the R+ 2 mm 
radius surrounding cylinder extends for a considerable 
distance beyond x = -A and x = +A. Thus for the same 
concentration of radioisotope per unit length at the cent- 
er of the stent for stent 1 and stent 10, a higher level of 
radioisotope at the ends of stent 10 results in a more 
uniform radiation field intensity over the length of the 
surrounding cylinder and also an effective radiation field 
that extends for a greater distance beyond the ends of 
the stent 10 and beyond the points x = -L/2 and x = +L/ 
2 of the surrounding cylinder. Having an increased radi- 
ation field at the ends of a stent is useful in reducing 
proliferative cell growth after the stent is placed inside 
an artery. 

[0010] As seen in FIG. 2, the stent 10 may have ad- 
ditional rings 1 5 placed in near-proximity to the ends of 
stent 10. The rings 15 provide additional surface area 
on which to place the radioisotope. Furthermore, the 
end rings 17 could also be wider so as to provide addi- 
tional surface onto which additional radioisotope mate- 
rial can be placed. Such additional surfaces can be used 
to enhance the radiation field intensity at the ends of the 
stent 10 even if the density of radioisotope per mm 2 of 
stent surface area is uniform. 

[0011] It should be understood that the stent 10 can 
be made radioactive by the ion implantation of a radio- 
isotope into the surface of the metal stent. Furthermore, 
the beam of an ionized radioisotope can be directed so 
as to place more of the radioisotope near the ends of 
the stent as compared to at x = 0. Typically a beta par- 
ticle radioisotope such as phosphorous 32 would be ion 
implanted into the metal of the stent. Gamma or gamma 
plus beta particle emitting isotopes can also be used 
with the stent. Furthermore, it may be advantageous to 
place an anti-thrombogenic coating on the surface of the 
stent either before (or preferably) after the radioisotope 
has been ion implanted into the stent. It should also be 
understood that the stent can be fabricated in a variety 
of shapes and sizes. !t could, for example, be self-ex- 
panding as described in U.S. Patent No. 4, 503,569 or 
balloon expandable as described in U.S. Patent No. 
4,733,665. Both of the aforementioned patents are in- 
cluded herein by reference. Still further, the radioisotope 
could be electrolytically plated onto the stent instead of 
using ion implantation. The radioisotope could also be 
plated onto the stent by vapor deposition. It is also con- 
ceived that the distribution of the radioisotope at the 
ends of stent can have a different shape than that shown 
by line 12 in FIG. 2. Specifically, some comparatively 
short distance at the end of stent could have an in- 
creased amount of radioisotope per unit length com- 
pared to the stent's center portion, but that higher radi- 
oisotope amount per unit length could be uniform near 



the end of the stent. 

[0012] Various other modifications, adaptations, and 
alternative designs are of course possible in light of the 
above teachings. Therefore, it should be understood at 

s this time that within the invention may be practiced oth- 
erwise than as specifically described herein. For exam- 
ple, the longitudinals may be joined by structures other 
than rings. Also, the longitudinals may have forms other 
than as illustrated. Indeed, the longitudinals and joining 

10 structures could be replaced by other structures. 



Claims 

'5 1. A radioisotope stent comprising means for provid- 
ing a greater concentration of radioactivity at or near 
an end section of the stent compared to a concen- 
tration of radioactivity intermediate end sections of 
the stent. 

2. A radioisotope stent comprising a generally cylin- 
drical, thin-walled, metal structure the stent having 
an end region near each end of the stent and a cen- 
tral region located generally at the longitudinal cent- 
er of the stent, the stent including a radioactive ma- 
terial which is a radioisotope, the radioisotope being 
fixedly joined to the metal of the stent, the stent also 
having a greater amount of radioisotope per unit 
length of the stent at the end regions of the stent 
compared to a lesser amount of radioisotope per 
unit length at the central region of the stent. 

3. The stent of claim 1 or claim 2, wherein the amount 
of radioisotope per unit length of stent continuously 
incrases towards the ends of the stent from some 
point between the center of the stent and the end 
of the stent, the amount of radioisotope per unit 
length of stent reaching a maximum amount of ra- 
dioisotope per unit length at the ends of stent. 

4. The stent of any preceding claim, wherein the radi- 
oisotope that is fixedly joined to the stent is a beta- 
particle emitting radioisotope. 

5. The stent of claim 3, wherein the radioisotope is 
phosphorous 32. 

6. The stent of any preceding claim, wherein the stent 
is coated with an antithrombogenic coating. 

7. The stent of any preceding claim, wherein the stent 
is adapted to be expanded by an inflatable balloon. 

8. The stent of any preceding claim, wherein the stent 
is adapted to be self-expanding. 

9. The stent of any preceding claim, wherein the metal 
of the stent has a surface and at least some of the 
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radioisotope is plated onto the surface of the stent 
to form a surface coating. 

10. The stent of any preceding claim, wherein metal of 
the stent has a surface and the stent has at least s 
some of the radioisotope ion implanted into the met- 
al of the stent to form a radioactive stent in which 
the ions of the radioisotope are buried just beneath 
the surface of the stent. 

w 

11. The stent of any preceding claim, wherein the end 
region of the stent has more surface area per unit 
length of the stent as compared to the surface area 
per unit length of the stent at the stent's central re- 
gion, the stent having a generally uniform amount 
of radioisotope per unit surface area of the stent 
thus providing an increased amount of radioisotope 
per unit length of the stent at the stent's end regions. 
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